Abstract. The expression of micro-ribonucleic acid miR-664 and miR-184 on the biological characteristics of osteosarcoma (OS) SOSP-9607 cells was investigated. Eighteen surgical specimens of OS and 18 normal tissue specimens were collected. The expression of miR-664 and miR-184 was detected via fluorescence reverse transcription-quantitative polymerase chain reaction (RT-qPCR). The OS cell line SOSP-9607 was selected as the object of study, and miR-664 blank group, miR-664 mimic group, miR-664 inhibitor group, miR-184 blank group, miR-184 mimic group and miR-184 inhibitor group were established through transfection. Changes in apoptosis were detected via flow cytometry, the cell proliferation capacity was detected via Cell Counting Kit-8 assay, and the cell migration was observed via wound healing assay. In cancer tissues of OS patients, the relative expression of miR-664 and miR-184 was significantly higher than that in para-carcinoma tissues (P<0.05). The cell growth in miR-664 inhibitor group was obviously decreased compared with those in miR-664 blank and mimic groups (P<0.05). There were differences in the cell migration capacity among groups (P<0.01), and the cell scratch areas in miR-664 and miR-184 mimic groups were significantly decreased compared with those in miR-664 and miR-184 blank groups (P<0.05), while they were significantly increased in miR-664 and miR-184 inhibitor groups compared with those in miR-664 and miR-184 blank and mimic groups (P<0.05, P<0.01). There were differences in the apoptosis rate among groups (P<0.01) and apoptosis in miR-664 and miR-184 inhibitor groups was remarkably increased compared with those in miR-664 and miR-184 blank and mimic groups (P<0.05). Downregulating the expression of miR-664 and miR-184 may promote apoptosis, inhibit the proliferation and reduce the migration capacity of SOSP-9607 cells. Therefore, miR-664 and miR-184 may provide a theoretical basis for the target selection in clinical targeted therapy and drug development for OS.
Introduction
Osteosarcoma (OS) is a malignant tumor frequently occurring in teenagers, which mainly occurs at the site of bone turnover and rapid growth, and the most typical site is metaphysis of long bone in teenage patients (1) . According to studies (2), the incidence of OS is divided into two high-frequency stages: primary OS is dominated in teenagers aged ~12 years, while secondary OS is dominated in the elderly aged ~75 years. More than 80% OS will metastasize, and local invasion and metastasis have already occurred possibly when the disease is found in the early stage. The metastatic site of OS is mainly the lungs, and it may metastasize to the kidney, brain and prostate, in a small number of patients (3, 4) . At present, surgical resection dominates in the recognized therapeutic regimens for OS, and patients need to receive chemotherapy before and after surgery. However, other secondary malignant tumors occur easily in patients during chemotherapy, and OS is likely to relapse in some patients, which is also the main reason for the 5-year survival rate of only 15-20% in OS patients (5) . Therefore, optimizing the treatment and diagnosis of OS patients and improving the long-term survival rate of OS patients are problems demanding a prompt solution.
With the social progress and rapid development of science and technology, there has been increasing research on cancer from the perspective of molecular biology. Micro-ribonucleic acid (miRNA) is a single-stranded deoxyribonucleic acid (DNA) molecule encoded by the endogenous gene, which is as short as ~22 nt and mainly exists in plants, animals and DNA virus (6) . Moreover, miRNA is an important non-protein-coding RNA, which regulates the target messenger RNA (mRNA) of gene expression and triggers or inhibits translation or mRNA cleavage (7) . Studies have revealed (8) that miR-184, as one of the important members of miRNAs, is closely related to the occurrence and development of a variety of tumors. However, miR-664 is less reported, and, according to literature (9) , it has Expression of miR-664 and miR-184 on proliferation, apoptosis and migration of osteosarcoma cells Therefore, in this study, the expression of miR-184 and miR-664 in cancer tissues of OS patients was detected, and miR-184 and miR-664 mimics and inhibitors were transfected into OS cell line SOSP-9607, so as to observe their effects on the biological behavior of OS and provide a new theory and basis for clinical treatment.
Patients and materials
A total of 18 OS patients treated in Wuhan No. 1 Hospital (Wuhan, China) from July 2013 to January 2015 were collected, including 11 males and 7 females aged 13-22 years with an average age of 15.34±2.51 years. During surgery, cancer and para-carcinoma tissues were collected from patients, and stored at -80˚C within 5-10 min for standby application. This study was approved by the Medical Ethics Committee of Wuhan No. 1 Hospital, and patients or their families were informed and signed the informed consent. Patients in this study all met the diagnostic criteria for OS (10) . SOSP-9607 cells used in this study were purchased from the Laboratory of Orthopedics, Tangdu Hospital, the Fourth Military Medical University (Xi'an, China).
Inclusion and exclusion criteria. Inclusion criteria: patients with a course of disease of more than half a year; patients without recent anticancer drug therapy; patients without other genetic diseases; patients without receiving radiotherapy and chemotherapy and patients with complete clinical data.
Exclusion criteria: patients with respiratory diseases, hypertension or diabetes mellitus; patients with blood relation; patients without receiving blood transfusion therapy recently or patients with autism, memory disorder, hearing disorder and limb impairment and patients who did not cooperate in follow-up and whose clinical data were incomplete.
Main reagents and instruments. Roswell Park Memorial
Institute (RPMI)-1640 medium, fetal bovine serum (FBS), trypsin, and penicillin-streptomycin double antibiotics were purchased from Gibco (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The Cell Counting Kit-8 (CCK-8) was purchased from Shanghai Beyotime Institute of Biotechnology (Shanghai, China). TRIzol reagent, PrimeScript RT kit and Lipofectamine™ 2000 transfection kit were purchased from Invitrogen (Thermo Fisher Scientific, Inc.). SYBR Premix Ex Taq II was purchased from Takara Bio Inc. (Otsu, Japan). The Annexin V-fluorescein isothiocyanate (FITC) apoptosis assay kit was purchased from BD Biosciences (San Jose, CA, USA). Flow cytometer was purchased from BD Biosciences, and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) instrument was purchased from ABI (Thermo Fisher Scientific, Inc.). miR-664 and miR-184 primer sequences and inhibitors were provided by Sangon Biotech Co., Ltd. (Shanghai, China).
Cell culture. SOSP-9607 cells were cultured in the RPMI-1640 medium containing 100 U/ml penicillin and 100 µg/ml streptomycin double antibodies and 10% FBS in a thermostatic incubator with 5% CO 2 at 37˚C. When SOSP-9607 cells grew to the logarithmic growth phase, the cell density was adjusted to 5x10 5 /well followed by taking out cells, cells were inoculated into a 6-well plate, and the cell fusion was observed. When 70-80% cells were fused, SOSP-9607 cells were transfected using the Lipofectamine™ 2000 transfection kit, and divided into miR-664 blank group (transfected with empty plasmid), miR-664 mimic group (transfected with miR-664 mimic), miR-664 inhibitor group (transfected with miR-664 inhibitor), miR-184 blank group (transfected with empty plasmid), miR-184 mimic group (transfected with miR-184 mimic), and miR-184 inhibitor group (transfected with miR-184 inhibitor). After transfection for 48 h, cells were collected for subsequent experiments.
Cell proliferation. Cell proliferation was detected via CCK-8 assay. After transfection for 48 h, cells in the 6 groups were inoculated into a 96-well plate at a density of 2x10 3 /well, and cell proliferation was detected at 0, 24, 48, 72 and 96 h after culture, respectively. A total of 10 µl CCK-8 solution was added into each well for incubation at 37˚C for 2 h, and the absorbance was measured at a wavelength of 450 nm using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Three repeated wells were set in each group, the experiment was repeated 3 times, and the average was taken in experimental results.
Cell migration. After transfection, cells in the 6 groups were inoculated into a 24-well plate at a density of 1x10 5 /well. The bottom of the culture plate was scratched using a sterile pipette (200 µl). The migration of cell scratch was observed at 36 h using an inverted microscope (Olympus, Tokyo, Japan), and the cell migration capability was compared. Three repeated wells were set in each group, the experiment was repeated 3 times, and the average was taken in experimental results.
Apoptosis assay. After transfection, the culture solution in the 6 groups of cells was discarded, and cells were washed with phosphate-buffered saline (PBS) and digested with 0.25% trypsin, followed by centrifugation at 780 x g for 5 min using a low-speed centrifuge. Then the supernatant was discarded, and cells were collected, washed with the incubation buffer, resuspended and added with Annexin V-FITC, followed by incubation in the dark at room temperature for 15 min. Cells were washed again with the buffer and apoptosis was detected using a flow cytometer. Three repeated wells were set in each group, the experiment was repeated 3 times, and the average was taken in experimental results.
RT-qPCR. RNA was extracted from cells and tissues according to the instructions of the TRIzol reagent kit, and the mass and concentration of RNA extracted were detected using a spectrophotometer (Bio-Rad Laboratories, Inc.). RNA was reverse transcribed into complementary DNA (cDNA) using the PrimeScript RT kit, after which part of cDNA was taken for subsequent experiments. Then amplification was performed using ABI Prism 7900, and the amplification system is as follows: 12.5 µl SYBR Premix Ex Taq II (2X), 1.0 µl forward primer, 1.0 µl reverse primer, 2.0 µl cDNA, addition of double distilled water to total volume of 25 µl. Amplification conditions are as follows: pre-denaturation at 95˚C for 2 min, 95˚C for 30 sec, 60˚C for 35 sec, 72˚C for 1 min, a total of 40 cycles. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal reference, and results are presented as 2 -ΔCq (11) . Three repeated wells were set in each group, the experiment was repeated 3 times, and the average was taken in experimental results (Table I) .
Statistical analysis. In this study, GraphPad Prism 7 software (GraphPad Software, Inc., La Jolla, CA, USA) was used for drawing, and Statistical Product and Service Solutions (SPSS) 20.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis of collected data. Measurement data were presented as mean ± standard deviation (mean ± SD). t-test was used for the comparison of means between two groups, and one-way analysis of variance was used for the comparison among groups and the post hoc test was Least Significant Difference test. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of miR-664 and miR-184.
In this study, the relative expression of miR-664 and miR-184 in cancer and para-carcinoma tissues of patients was detected via RT-qPCR.
Results showed that the relative expression of miR-664 and miR-184 in cancer tissues of patients was significantly higher than that in para-carcinoma tissues, and there were statistically significant differences (P<0.05) (Fig. 1A and B) . It was found in the detection of the relative expression of miR-664 and miR-184 in each group of cells after transfection that the relative expression of miR-664 and miR-184 in miR-664 and miR-184 inhibitor groups was obviously lower than that in the miR-664 and miR-184 blank and mimic groups, displaying statistically significant differences (P<0.05). Besides, the relative expression in the miR-664 and miR-184 blank groups was lower than that in the miR-664 and miR-184 mimic groups (P<0.05) ( Fig. 2A and B) .
Cell proliferation after transfection. The cell proliferation capacity in each group was detected via CCK-8 assay after transfection. Results manifested that there were no differences in the cell growth among miR-664 groups within 24-72 h after cell transfection (P>0.05), there was no difference in the cell growth between the miR-664 mimic and blank groups at 96 h (P>0.05), and the cell growth in the miR-664 inhibitor group was obviously decreased compared with that in the miR-664 blank and mimic groups, displaying significant differences (P<0.05) (Fig. 3A) . Moreover, the observation of the miR-184 groups showed that there were no differences in the cell growth among miR-184 groups within 24-72 h after cell transfection (P>0.05), there was 
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no difference in the cell growth between the miR-184 mimic and blank groups at 96 h (P>0.05), and the cell growth in the miR-184 inhibitor group was obviously decreased compared with that in the miR-184 blank and mimic groups, displaying significant differences (P<0.05) (Fig. 3A and B) .
Wound healing assay. Results of wound healing assay manifested that there were differences in the cell migration capacity among miR-664 groups (P<0.01), the cell scratch area in the miR-664 mimic group was significantly decreased compared with that in the miR-664 blank group, and there was a statistical difference between the two groups (P<0.05). The cell scratch area was significantly increased in the miR-664 inhibitor group compared with that in the miR-664 blank and mimic groups (P<0.05, P<0.01). Moreover, the observation of the miR-184 groups demonstrated that there were differences there are no differences in the cell growth among the miR-664 groups within 24-72 h after cell transfection (P>0.05), but there are differences in the cell proliferation capacity among the miR-664 groups at 96 h (F=8.515, P=0.018). The cell growth shows no difference between the miR-664 mimic and blank groups (t=1.445, P=0.222), and it is obviously reduced in the miR-664 inhibitor group compared with that in the blank and mimic groups, with significant differences (inhibitor group vs. mimic group: t= 4.094, P= 0.015. Inhibitor group vs. blank group: t=2.868, P= 0.046). * P<0.05, there is a difference compared with the mimic group. (B) Cell proliferation capacities in the miR-184 groups after transfection. The detection of cell proliferation capacity via CCK-8 assay shows that there are no differences in the cell growth among the miR-184 groups within 24-72 h after cell transfection (P>0.05), but there are differences in the cell proliferation capacity among miR-184 groups at 96 h (F=10.076, P=0.012). The cell growth shows no difference between the miR-184 mimic and blank groups (t=1.894, P= 0.131), and it is obviously reduced in the miR-184 inhibitor group compared with that in the blank and mimic groups, with significant differences (inhibitor group vs. mimic group: t= 4.247, P= 0.013. Inhibitor group vs. blank group: t=3.044, P= 0.038). in the cell migration capacity among miR-184 groups (P<0.01). The cell scratch area in the miR-184 mimic group was remarkably smaller than that in the miR-184 blank group, and there was a statistical difference between the two groups (P<0.05). The cell scratch area was larger in the miR-184 inhibitor group than that in the miR-184 blank and mimic groups (P<0.05, P<0.01) (Table II) .
Apoptosis analysis. Apoptosis in each group of cells was detected using a flow cytometer. According to results, there were differences in the apoptosis rate among miR-664 groups (P<0.01), no statistically significant difference was found in apoptosis in the miR-664 mimic group compared with that in the miR-664 blank group (P>0.05). Apoptosis in the miR-664 inhibitor group was remarkably increased compared with that in the miR-664 blank group (P<0.05), and it was reduced in miR-664 mimic group compared with that in the miR-664 inhibitor group, with a significant difference (P<0.01). Moreover, the comparisons among miR-184 groups demonstrated that no statistically significant difference was observed in apoptosis in the miR-184 mimic group compared with the miR-184 blank group (P>0.05). Apoptosis in the miR-184 mimic group was remarkably lower than that in the miR-184 blank group (P<0.05), and it was obviously increased in the miR-184 inhibitor group compared with that in the miR-184 blank group (P<0.05), while it was reduced in the miR-184 mimic group compared with that in the miR-184 inhibitor group, with a significant difference (P<0.01) (Fig. 4A and B) .
Discussion
As the most common primary malignant bone tumor in clinic, OS possesses extremely strong invasion capacity, which has a certain metastasis trend in the early stage of disease, and lung metastasis occurs most easily in the early stage (12) . Despite the continuous development and improvement of medical level, the comprehensive therapeutic method of limb salvage combined with chemotherapy increases the long-term survival rate of OS patients, but the survival rate always remains at approximately 60% without breakthroughs. Besides, the recurrence rate after surgery is more than 30%, the treatment of patients with recurrence is very difficult, and the 5-year survival rate after treatment is only 20-30% (13, 14) . At present, the specific pathogenesis of OS remains unclear, and some studies have demonstrated that (15) there are many incidence reasons mainly dominated by genetic changes and environmental factors. Therefore, clarifying the related molecules to OS metastasis is of great significance in OS prevention and treatment, which is also a problem demanding prompt solution. Apoptosis has no significant difference in the miR-664 mimic group compared with that in the miR-664 blank group (t=1.987, P=0.118); it is obviously increased in the miR-664 inhibitor group compared with that in the miR-664 blank group (t=3.131, P=0.035), and it is decreased in the miR-664 mimic group compared with that in the miR-664 inhibitor group, displaying a significant difference (t=5.159, P=0.006). * P<0.01, there is a difference compared with the blank group. # P<0.01, there is a difference compared with the mimic group. (B) Apoptosis in the miR-184 groups after transfection. According to the detection using the flow cytometer, there are differences in the apoptosis rate among the miR-184 groups after transfection (F=9.431, P= 0.014). Apoptosis is significantly lower in the miR-184 mimic group than that in the miR-184 blank group (t=1.072, P=0.344); it is obviously increased in the miR-184 inhibitor group compared with that in the miR-184 blank group (t=2.879, P=0.044), and it is decreased in the miR-184 mimic group compared with that in the miR-184 inhibitor group, displaying a significant difference (t=4.153, P= 0.014). * P<0.01, there is a difference compared with the blank group. # P<0.01, there is a difference compared with the mimic group.
As a small non-coding RNA, miRNA can regulate 30% of genes in the human body, and are also involved in a variety of cell physiological processes and occurrence and development of tumors, which plays an important role in vital activities of humans (16) . In recent years, there have been many studies showing that the expression of miRNA is closely correlated with the clinical features and prognosis of tumors, including lung cancer (17) , gastric cancer (18) and breast cancer (19) . In addition, some other studies have proved that several kinds of miRNA influence the biological functions of OS (20) . For example, Park et al reported that the low expression of miR-205 can serve as a prognostic index of early non-small cell lung cancer (21) . Simonian et al found that the overexpression of miR-21 is related to the prognosis, lymph node metastasis and tumor node metastasis in gastric cancer patients in stages (22) .
According to studies in recent years (23) , the high expression of miR-664, a miRNA that is less reported and studied, in liver cancer can inhibit the expression of methionine adenosyltransferase 1A and promote tumor proliferation and metastasis, whereas inhibiting miR-664 can induce the methionine adenosine transferase 1A again and inhibit tumor growth and invasion, indicating that miR-664 is closely related to the tumor proliferation and migration. The expression of miR-184, a novel miRNA, in tumors is not clear yet, and its differential expression in different tumors has been proven in studies regulating the occurrence and development of tumors. For example, the high expression of miR-184 in glioma can promote the proliferation and invasion of glioma (24) . However, whether the expression of miR-664 and miR-184 in OS play regulatory roles in the occurrence and development of OS remains to be clarified.
In this study, the relative expression levels of miR-664 and miR-184 in cancer and para-carcinoma tissues of OS patients were compared, and it was found that they were higher in cancer tissues than para-carcinoma tissues, suggesting that there are differences in the expression of miR-664 and miR-184 between cancer and para-carcinoma tissues of OS patients. According to the studies of Bao et al (23) and Lin et al (25) , both miR-664 and miR-184 are highly expressed in OS, which is consistent with the results in this study. It is speculated that the high expression of miR-664 and miR-184 will change the biological functions of cells. However, little is known on how their expression affect the proliferation, migration and apoptosis of tumor cells. Therefore, in vitro experiment was performed. SOSP-9607 cells were transfected with miR-664 and miR-184 to successfully set up blank, mimic and inhibitor groups. CCK-8 assay, wound healing assay and flow cytometry demonstrated that the cell proliferation capacities in miR-664 and miR-184 blank groups were significantly lower than those in miR-664 and miR-184 mimic groups, and they were also significantly lower in miR-664 and miR-184 inhibitor groups than those in blank and mimic groups. The migration assay displayed that the cell migration capacities in miR-664 and miR-184 inhibitor groups were obviously lower than those in blank and mimic groups, indicating that inhibiting expression of miR-664 and miR-184 can reduce the cell migration capacity. Moreover, the flow cytometry of cells in each group after transfection revealed that the apoptosis rates in miR-664 and miR-184 inhibitor groups were increased, remarkably higher than those in blank and mimic groups. It can be preliminarily concluded through the in vitro experiment that inhibiting the expression of miR-664 and miR-184 can inhibit proliferation, migration and apoptosis of OS cells.
However, there were still some limitations in this study. First, the number of OS patients collected was small, so expression of miR-664 and miR-184 had no representative significance. Second, the downstream target genes of miR-664 and miR-184 were not deeply detected, and how they affected the downstream targets remains unknown. Therefore, it is hoped that in future research, the sample size can be increased, the downstream target genes can be detected and the mechanism can be explored, so as to complement the research content, thus further verifying results in this study and providing new methods and ideas for clinical diagnosis and treatment.
In conclusion, inhibiting the expression of miR-664 and miR-184 can promote apoptosis, inhibit the proliferation and reduce the migration of SOSP-9607 cells. miR-664 and miR-184 may provide a theoretical basis for the target selection in clinical targeted therapy and drug development for OS.
